The Crotalaria genus comprises about 350 species, which are mainly found in tropical areas. C. zanzibarica BENTHAM (Leguminosae) 1) (syn. C. usaramoensis BAKER f.) 2) is a perennial shrubby herb and was introduced to the Okinawa Islands from Eastern Africa as a green manure crop. These days, this plant is widely found in the Okinawa Islands. It grows up to about 1.5 m in height and bears yellow flowers all year. Some pyrrolidine alkaloids, usaramine, 3) and usaramoensine, 4) have been isolated from C. usaramoensis (synonym of C. zanzibarica). A related pyrrolidine alkaloid, integerrimine, has also been isolated from C. incana, 4) and monocrotaline and trichodesmine from C. sessiliflora. 5) From a 1-BuOH-soluble fraction, new megastigmane glucosides, named crotalionosides A-C (1-3), two pterocarpane glucosides (4, 5), and a chalcone C-glucoside (6) were isolated, together with three known compounds, 3-hydroxy-5,6epoxy-b-ionol 9-O-b-D-glucopyranoside (7), 6) kaempferol 3-O-robinoside (8), 7) and robinin (9). 8) This paper deals with structural elucidation of the new compounds and stereochemical discussion of allene-possessing megastigmane aglycones.
, pterocarpane glucosides (4, 5) , and chalcone C-glucoside (6) were elucidated on the basis of spectroscopic evidence, and those of the known compounds (7) (8) (9) were identified by comparison of spectroscopic data with those reported in the literature.
Crotalionoside A (1), [a] D 21 Ϫ18.9°, was isolated as an amorphous powder and its elemental composition was determined to be C 19 H 32 O 9 by high resolution (HR)-electrospray ionization (ESI)-mass spectrometry (MS). The IR spectrum indicated the presence of hydroxyl (3367 cm Ϫ1 ) and allenic groups (1959 cm Ϫ1 ). The prominent 1 H-NMR resonances were assigned to three singlet methyls, one doublet methyl, one set of methylene protons [d H 1.38 (dd, Jϭ12, 12 Hz) and 1.83 (dd, Jϭ12, 5 Hz) ], three oxymethine protons, one olefinic proton (d H 5.35) , and an anomeric proton. In the 13 C-NMR spectrum, resonances for four methyls, one methylene, three oxymethines, two quaternary carbons and three olefinic carbons attributable to an allenic unit along with six signals assignable to a glucopyranose moiety were observed ( Table  1 ). The above evidence indicates that crotalionoside A (1) is a derivative of megastigmane glucoside with an allenic unit and three hydoxyl groups, as shown in Fig. 1 . Two proton sequences, -CH 2 -CHO(H)-CHO(H)-and ϭCH-CHO(H)-CH 3 , were observed in the 1 H-1 H correlation spectroscopy (COSY) spectrum, and the protons involed were correlated with the carbon signals in the heteronuclear single quantum coherence (HSQC) experiment. The heteronuclear multiple bond connectivity (HMBC) correlations from methyl protons on two gem-dimethyl groups with a methylene carbon placed the methylene carbon at the 2-position, and since the anomeric proton (d H 4.62) showed a cross peak with one of the oxymethine carbons and the oxymethine proton (d H 3.26) on the oxymethine carbon (d C 91.7) showed a cross peak with the adjacent oxymethine proton (d H 4.22) ( Fig. 2) , the glucosidic linkage was placed on the hydroxyl group at the 4-position. Thus, the planar structure of crotalionoside A (1) was elucidated to be megastima 4, 5, (Fig. 1) . The proton-proton coupling constant (Jϭ9 Hz) of H-3 and H-4 indicated that these protons were in axial positions, and the significant correlation between H-4 and H 3 -13 observed in the phase-sensitive (PS)-nuclear Overhauser effect spectroscopy (NOESY) spectrum revealed that these protons were on the same side. Enzymatic hydrolysis of crotalionoside A (1) gave an aglycone (1a) and glucose, which was found to be of the D-series from its positive optical rotation sign, and thus the mode of the glucosidic linkage was determined to be b from the coupling constant of the anomeric proton (Jϭ8 Hz). To the aglycone (1a), the modified Mosher's method was applied. 9) (R)-and (S)-a-Methoxy-a-trifluoromethylphenyacetic acid (MTPA) derivatives (1b, 1c) were prepared from the aglycone (1a) using 1ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC) and N, , which afforded 3,9-diesters. As a result, the absolute configurations at the 3-and 9-positions were determined to 3S and 9S, respectively ( Fig. 3, 1b, 1c) . In turn, those at the 4-and 5-positions were R and S, respectively. The remaining stereochemical issue of the axis chirality in the allene part will be discussed later.
Crotalionoside B (2), [a] D 27 Ϫ12.1°, was isolated as an amorphous powder and its elemental compsotion was found to be the same as that of crotalionoside A (1) . The physicochemical properties of crotalionoside B (2) were almost identical to those of 1 (Table 1) , except for the optical rotation value. Since crotalionosides A and B (1, 2) exhibited different retention times in the same HPLC run, they were unambiguously different compounds. As there was a probable chiral probe, b-D-glucopyranose, at the hydroxyl group of the ring moiety, the stereochemistry of 2 must be the same as that of 1, although the result of the modified Mosher's method, applied to its aglycone, did not show a regular distribution of signs. To clarify the stereochemsitry of the side chain, the aglycone (2a) of crotalionoside B (2), obtained by enzymatic hydrolysis, was analyzed by the modified Mosher's method, as shown in Fig. 3 (2b, 2c) . The absolute configuration at the 9-position was revealed to be R, which was opposite to that of crotalionoside A (1) .
Compounds structurally related to crotalionosides A and B (1, 2) , citrosides A (10) and B (11) , were first isolated from Citrus unshiu, and they are epimers as to the allene axis, 7R and 7S, respectively. 10) Citrosides A (10) and B (11), used in this experiment, were independently obtained from Elaeocarpus japonicus SIEBOLD et ZUCCARINI 11) and Sambucus chinensis LINDLEY, 12) respectively. Citrosides A (10) and B (11) were reduced with NaBH 4 in the presence of CeCl 3 to give the corresponding alcohols (10a, 11a). 13) In the circular dichroism (CD) spectra, an positive Cotton effect at 225 nm was observed for both alcohols, and the absorption position and sign of the Cotton effect were also the same as those of crotalionosides A (1) and B (2) . Thus, CD spectral analyses were not effective for determining the absolute configuration of the allene axis. The alcohols (10a, 11a) comprised R and S mixtures as to the 9-position and they were separated by HPLC, which yielded pure compounds 10b and 10c, and 11b and 11c, of which the absolute configurations at the 9-position remain uncertain. Figure 4 shows the 1 H-NMR spectral data for 10b and 10c, and 11b and 11c, the chemical shifts for H-8, 9 and 10 for 7R compounds being essentially the same for 10b and 10c, and those for 7S compounds being different from those for 7R compounds, but also essentially the same for 11b and 11c. These different chemical shifts solely depended upon the configurations at the 7-postition, that is, not upon those at the 9-positions. However, since determination of axis configurations of citrosides A (10) and B (11) still has some ambiguity, 10, 14) the absolute configurations at the 7-positions of crotalionosides A (1) and B (2) were concluded to be the same as that of citroside A and tentatively assigned as 7R. Therefore, the structures of crotalionosides A (1) and B (2) were elucidated to be (3S,4R,5S,7R, 9S)-and (3S,4R,5S,7R,9R)-megastigma-6,7-diene-3,4,5,9tetrol 4-O-b-D-glucopyranosides, respectively, as shown in
ϩ15.8°, was isolated as an amorphous powder and its elemental composition was deter-mined to be C 19 H 32 O 8 . The 13 C-NMR spectrum indicated the presence of 19 resonances, including six assignable to glucopyranose, and four methyl, two methylene, one trans double bond, two oxymethine, two oxygenated quarternary carbon and one quarternary carbon signals. The 1 H-1 H COSY spectrum exhibited two proton sequences, that is, A: -C(2)H 2 -C(3)HO(H)-C(4)H 2 -and B: -C (7)HϭC (8)H-CH (9)O(H)-C(10)H 3 . In the HMBC spectrum, geminal methyl proton signals showed long-range correlation with a methylene carbon, A: C(2) and an oxygen-bearing quaternary carbon (d C 92.8), to which two olefinic protons (d H 5.78, 5.80) also correlated ( Fig. 5 ). From the degree of unsaturation, calculated from the elemental composition, other than the six-membered ring, crotalionoside C (3) was expected to possess one more cyclic system, whose presence was substantiated by the HMBC correlation cross peak between H-3 (d H 4.33) and C-6 (d C 92.8). The position of the sugar linkage was revealed to be at the hydroxyl group on the side chain by the HMBC spectrum and the mode of the linkage was determined to be b from the coupling constant of the anomeric proton (d H 4.36, Jϭ8 Hz), together with the results of chirality analysis of glucose. From the above evidence, the structure of crotalionoside C (3) was assigned as megastagman-7-en-3,6-epoxy-5,9-diol 9-O-b-D-glucopyranoside. Enzymatic hydrolysis of 3 gave an aglycone, crotalionol C (3a), and application of the modified Mosher's method to 3a established the absolute configuration at the 9-position to be R (Fig. 6 ). However, the ring region lacks a clue for determing the absolute configuration. The PS-NOESY correlation between H 3 -13 (d H 1.19 ) and H-4eq (d H 1.95) revealed that the epoxy ring and H 3 -13 were on the same side, namely the ring has a 3S*,5R*,6R* relative configuration, as shown in Fig. 1.  Compound 4, [a] D Ϫ65.6°, was isolated as an amorphous powder and its elemental composition was determined to be C 22 H 24 O 10 by HR-ESI-MS. The IR spectrum indicated that compound 4 possessed aromatic rings (1615, 1505, 1470 cm Ϫ1 ) with a glycosidic moiety (3388 cm Ϫ1 ), the presence of the aromatic rings being also supported by the UV absorption at 282 nm. In the 1 H-NMR spectrum, four Vol. 58, No. 8 Fig. 4 . Partial 1 H-NMR Chemical Shifts for 10, 10b, 10c, 11, 11b and 11c Hz)] were observed. The 13 C-NMR spectrum exhibited 22 resonances, including six signals assignable to glucopyranose, 12 aromatic signals, and one methoxyl, one oxymethylene, one oxymethine and one methine signal. A sequence of oxymethylene, methine and oxymethine protons was observed in the 1 H-1 H COSY spectrum ( Fig. 7) . One of the aromatic rings was substituted with three oxygen atoms, and these substituted carbon atoms were correlated with methoxy, anomeric and oxymethylene protons in the HMBC spectrum. On irradiation of methoxyl protons, one (d H 6.78) of the aromatic protons was signifcantly enhanced in the difference NOE experiment and this proton showed cross peaks with d C 135.4 (C-8) and 116.6 (C-10). The HMBC correlation from the oxymethine proton to C-10 and other correlations shown in Fig. 7 revealed the structure of ring A. While the other trisubstituted aromatic ring possessed two oxygen atoms, and HMBC correlation cross peaks between oxymethylene protons and the quartenary carbon, d C 119.2, methine proton and oxygen bearing quartenary carbon, d C 160.0, together with other correlations suggested the structure of around B ring was as shown in Fig. 1 . The above evidence substantiated that compound 4 was a 8-O-glucoside of pterocarpan, melilotocarpan B, isolated from Melilotus alba. 15) On enzymatic hydrolysis of 4, melilotocarpan B (4a) was obtained. The optical rotation value and sign of 4a showed good accordance with those reported in the literature. 15) Thus, compound 4 was concluded to have the 3R,4R configuration. The negative Cotton effect at 234 nm observed in the CD spectrum also supported the configuration. Sugar analysis, using a chiral detector, revealed that the glucose was of the D-series and the coupling constant (Jϭ8 Hz) of the anomeric proton established the mode of sugar linkage was b.
Compound 5, [a] D Ϫ94.1°, was isolated as an amorphous powder and its elemental composition was found to be the same as that of compound 4. Other spectroscopic data were similar to those for compound 4. In the HMBC spectrum, the anomeric proton (d H 4.84) showed a cross peak with d C 160.4, to which was also correlated the aromatic proton, H-5Ј [d H 6.64 (dd, Jϭ8, 2 Hz)]. Sugar analysis also revealed that glucose was of the D-series. Thus, the structure of compound 5 was elucidated to be melilotocarpan 4Ј-O-b-D-glucopyranoside.
Compound 6, [a] D ϩ61.5°, was isolated as an amorphous powder and its elemental composition was determined to be C 21 H 24 O 10 . The 1 H-and 13 C-NMR spectroscopic data were essentially the same as those for coatline A, which was isolated from Elysenhardtia polystachya by Beltrami et al. 16) Although Beltrami et al. did not disscuss the stereochemistry of coatline A, compound 6 was expected to be a stereochemical isomer of coatline A ([a] D Ϫ45.2), since their optical rotation signs and values were opposite to each other. Thus, they are diastereomers, however, their NMR spectra were identical due to the remoteness of the chiral centers, such as the sugar moiety and a-carbon. Augustyn et al. examined the CD spectra of enantioselectively synthesized a-hydroxydihydrochalcones. 17) A similar compound, (aR)-a,2Ј4Ј-trihydroxy-4-methoxydihydrochalcone, (12) exhibited negative Cotton effect at 313 nm ([q] Ϫ12000) and a positive one at 245 nm ([q] ϩ4000), which were opposite to those of compound 6. Thus, compound 6 has the a-S configuration and coatline A a-R. This conclusion is in a good accord with that made by Alvarez and Delgado on determination of the absolute configuration of related a-hydroxydihydrochalcone. 18) 
Experimental
General Experimental Procedures Mp was measured with a Yanagimoto micromelting point apparatus and is uncorrected. Optical rotations and CD spectra were measured on JASCO P-1030 and JASCO J-720 polarimeters, respectively. IR and UV spectra were measured on Horiba FT-710 and JASCO V-520 UV/Vis spectrophotometers, respectively. 1 H-and 13 C-NMR spectra were taken on a JEOL JNM a-400 spectrometer at 400 MHz and 100 MHz, respectively, with tetramethylsilane as an internal standard. Positive-ion HR-MS were performed with an Applied Biosystem QSTAR XL system ESI-time-of-flight (TOF)-MS.
A highly-porous synthetic resin (Diaion HP-20) was purchased from Mitsubishi Kagaku (Tokyo, Japan). Silica gel CC and reversed-phase [octadecyl silica gel (ODS)] open CC were performed on silica gel 60 (Merck, Darmstadt, Germany) and Cosmosil 75C 18 -OPN (Nacalai Tesque, Kyoto, Japan) [Fϭ50 mm, Lϭ25 cm, linear gradient: MeOH-H 2 O (1 : 9, 1 l)→(1 : 1, 1 l), fractions of 10 g being collected], respectively. Droplet counter-current chromatography (DCCC) (Tokyo Rikakikai, Tokyo, Japan) was equipped with 500 glass columns (Fϭ2 mm, Lϭ40 cm), and the lower and upper layers of a solvent mixture of CHCl 3 -MeOH-H 2 O-n-PrOH (9 : 12 : 8 : 2) were used for the stationary and mobile phases, respectively. Five-gram fractions were collected and numbered according to their order of elution with the mobile phase. HPLC was performed on an ODS column (Inertsil; GL Science, Tokyo, Japan; Fϭ6 mm, Lϭ25 cm), and the eluate was monitored with a UV detector at 254 nm and a refractive index monitor.
Emulsin was purchased from Tokyo Chemical Industries Co., Ltd. (Tokyo, Japan), and crude hesperidinase was a gift from Tokyo Tanabe Pharmaceutical Co., Ltd. (Tokyo, Japan). (R)-and (S)-a-MTPAs were the products of Wako Pure Chemical Industry Co., Ltd. (Tokyo, Japan).
Plant Material Whole plants of C. zanzibarica BENTHAM (Leguminosae) were collected in Kunigami-son, Kunigami-gun, Okinawa, Japan, in July 2003, and a voucher specimen was deposited in the Herbarium of Pharmaceutical Sciences, Graduate School of Biomedical Sciences, Hiroshima University (03-CZ-Okinawa-0630).
Extraction and Isolation Dried aerial parts of C. zanzibarica (18.9 kg) were extracted three times with MeOH (45 l) at 25°C for one week and then concentrated to 6 l in vacuo. The extract was washed with n-hexane (6 l, 167 g) and then the MeOH layer was concentrated to a gummy mass. The latter was suspended in water (6 l) and then extracted with EtOAc (6 l) to give 260 g of an EtOAc-soluble fraction. The aqueous layer was extracted with 1-BuOH (6 l) to give a 1-BuOH-soluble fraction (228 g), and the remaining water-layer was concentrated to furnish 1.21 kg of a water-soluble fraction.
A portion (96.8 g) of the 1-BuOH-soluble fraction was subjected to a Diaion HP-20 column (Fϭ60 mm, Lϭ50 cm) using H 2 O-MeOH (4 : 1, 4 l), 5.78 (1H, dd, Jϭ16, 5 Hz, 4.39 (1H, qd, Jϭ6, 5 Hz, 4.36 (1H, d, Jϭ8 Hz, 4.33 (1H, br dd, Jϭ6, 6 Hz, 3.81 (1H, dd, Jϭ12, 2 Hz, 3.66 (1H, dd, Jϭ12, 5 Hz, 3.39 (1H, dd, Jϭ9, 9 Hz, 3.35 (1H, m, 3.32 (1H, dd, Jϭ9, 9 Hz, 3.18 (1H, dd, Jϭ9, 8 Hz, 1.95 (1H, ddd, Jϭ12, 6, 2 Hz, 1.77 (1H, ddd, Jϭ12, 6, 2 Hz, 1.64 (1H, dd, Jϭ12, 6 Hz, 1.59 (1H, d, Jϭ12 Hz, 1.40 (3H, s, , 1.30 (3H, d, Jϭ6 Hz, H 3 -10), 1.19 (3H, s, H 3 -13) , 0.58 (3H, s, H 3 -12); 13 C-NMR (CD 3 OD, 100 MHz): Table 1 ; HR-ESI-MS (positive-ion mode) m/z: 411.1993 [MϩNa] 1H, d, Jϭ8 Hz, H-6Ј), 6.78 (1H, d, Jϭ9 Hz, 6.33 (1H, dd, Jϭ8, 2 Hz, 6.24 (1H, d, Jϭ2 Hz, 5.51 (1H, d, Jϭ7 Hz, 4.90 (1H, d, Jϭ8 Hz, 4.31 (1H, dd, Jϭ10, 3 Hz, 1H, dd, Jϭ14, 7 Hz, H-bb); 13 C-NMR (CD 3 OD, 100 MHz): Table  2 ; CD De (nm): ϩ32.0 (325), ϩ17.9 (293), Ϫ5.80 (254), [q] nm ϩ105600 (325), ϩ59070 (293), Ϫ19140 (254) (cϭ3.00ϫ10 Ϫ5 M); HR-ESI-MS (positive-ion mode) m/z: 459.1236 [MϩNa] ϩ (Calcd for C 21 H 24 O 10 Na: 459.1261).
Enzymatic Hydrolysis of Crotalionoside A (1) Crotalionoside A (1) (4.2 mg) in 2 ml of H 2 O was hydrolyzed with emulsin (5.2 mg) and crude hesperidinase (5.0 mg) for 24 h at 37°C. The reaction mixture was evapo- Table 2 . 13 C-NMR Spectroscopic Data for Pterocarpans (4, 5) and Chalcone (6) 
